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INTRODUCTION 

The mean or average size of individuals of a Btoclc has long been used as a simple 
criterion for assessing the status of a fishery. Generally decreasing size of individuals 
can be taken as an indication of either increasing mortality (usually equated with fishing 
mortality) or a decreasing growth rate (usually attributed to overcrowding)* Independent 
information on the changes in growth rate may often be obtainable to separate the above 
alternatives. There are, however, other factors which may also affect mean size, the 
most important of which is the effect of changing recruitment. 

Given some assumptions about the nature of the processes of mortality and growth, 
models such as those of Beverton and Holt (1957) may be used to derive estimates of total 
mortality from estimates of the mean size of individuals in the stock and estimates of 
growth parameters. For these relations to hold it is necessary to assume that the popula- 
tion is in equilibrium, that is f that there have been no recent changes in the parameters 
of the models. If this latter assumption is invalidated by recent or continuous change in 
the fishery, the mean-size statistic will be a function of the rate at which the latter 
changes are accomplished as well as the magnitude of the changes, that is, the history of 
the change becomes important. 

Recency, in the above discussion, can be measured in terms of the lifetime of a cohort 
or the age of the oldest fish in the population. For many fisheries the equilibrium assump- 
tion is untenable. While substantial changes in fishing effort may quite obviously occur 
within the lifetime of a cohort, changes in environmental conditions effecting changes in 
natural mortality, growth and particularly recruitment may also occur rapidly or frequently. 
When these occur as trends, rather than "randomly", it becomes particularly difficult to 
assess the current status of the fishery. This paper was particularly motivated by the 
need for easily obtained indices of mortality in fisheries subjected to changing environ- 
mental conditions, such as in new reservoirs or bodies of water subjected to effects of 
human activities additional to the direct fishing activity. 

In a system, such as a fish population, which exhibits delayed response to change, it 
is convenient to distinguish between the long-term or end response to a change in a 
particular factor which is then maintained at the new level (the equilibrium response), and 
the short-term response which depends on the way in which the change in the factor is 
accomplished (the transient response). In the situations examined here, the transient 
response can be expected to last no longer than the lifetime of the cohort (year-class) 
measured from the time the change is completed. Furthermore, if it can be assumed that 
mortality, growth and recruitment are independent parameters, then the equilibrium and the 
transient responses can be studied separately from each other and among the various para- 
meters. The equilibrium responses are well-known, but are reviewed in the present context 
in the section on the equilibrium state. While the nature of the transient responses is 
aleo well-known! the problem of recognizing transients in a series of observations on a 
fishery has not been seriously attacked. In the succeeding sections, the possibility of 
recognizing these transients by considering the simultaneous changes over time in two 
kinds of observations is explored. The mean weight of individuals in the population and 
the abundance (catch/effort) can both be estimated from either fishing experiments or catch 
data from the fishery. As these two characteristics of a catch are affected differently by 
changes in mortality, growth, and recruitment, their joint behaviour over time (the 
trajectory of their behaviour) should provide more information on the source of changes 
than considering either alone. 



TEE EQUILIBRIUM STATE 

If a fishery persists for some time in a steady state , the age or sice structure of 
the population may be inferred by examining the history of a single cohort as it ages* 
That is | in a steady state population, the history of any set of recruits is independent of 
the year of hatching. While these conditions probably never occur in real fisheries, 
averages taken over an extended period of time may fulfil these conditions provided there 
are no significant trends in such factors as growth rate, mortality rates , recruitment and 
related conditions. Given an equilibrium, the mean age of the population (T) is the inverse 
of the average instantaneous mortality rate (Z). Usually only a portion of the population 
is examined, say those of age greater than an age t , determined by the gear used in 
sampling. In this case 

Gulland, 1969) , (1) 



While much of the subsequent discussion is applicable to data on the mean age of the 
population, it is generally easier to obtain data on size rather than age. The mean length 
in the sampled portion of the population may also be given in terms of the mortality 
coefficient by specifying an appropriate model relating length to age (see Gulland, 1969). 
For the purposes of the present discussion, and for many kinds of data where only total 
numbers and total weight in a sample (catch) are known, that is, where it is inconvenient 
to examine each fish separately, the mean weight of an individual may be easier to consider. 
Growth in weight in many fishes is nearly a linear function of age during the middle 
portions of the life history. Accepting some bias, it is assumed that 

wG*(t-t) + w, where w is the weight of a fish of age t . The mean weight (w) 
will correspond to the weight of individuals of age T, henoe 

wQ(T-t) + w, where G is taken as the absolute rate of growth in weight with age. 
c c 

Substituting for the age expression in (1) gives 

- + "c 
Similarly, an expression for the number of individuals (N ) age t or older is 



t . I... (J) 

where N is the number of age t and e is a natural constant. This equation may also be 
given logarithmically, i.e. 

log N^ -Z (t - t Q ) + log N , and is the equation of the conventional "catch curve" 
(Ricker, 1958). 

The number of individuals surviving to age T, is therefore, using (1) 

^.M/^KJ.I..- 1 , _ . (4) 

which is also the number that survive to the weight w, i.e. H^ - N- ^ N c /2.7. 

It is also possible to infer, for equilibrium, the total abundance (?) of the population 

of individuals age t or older (weight w or heavier): 

c c 
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[ t .N o (l + e- Z + e- 2Z + 

(Ricker, 1958) (5) 

(1+O 

In the above, it is assumed that N individuals recruit to the population abruptly just 
prior to the observation of P. Where, as in many tropical species, recruitment occurs 
more or less continuously, or equivalently, where recruitment is abrupt but P is 
estimated by averaging observations spread throughout a year, 






Where fl is the mean abundance of recruits over one year (Ricker, 1958). 

Based on the above assumptions, which must necessarily yield only first approximations, 
at equilibrium we have 

> W Qf and (2) 

P - T (6) 

In order to provide a reference grid for the examination of changing conditions in the 
fishery, it seems useful to plot successive observations of W and P on a graph. Owing to 
the large variances generally associated with estimates of abundance (P), and the tendency 
for these variances to increase with increasing population size, I have plotted the 
logarithm of P rather than P. Normally, estimates of P will be relative estimates such as 
catch/effort," in which case N will be similarly estimated. 

Before turning to non-equilibrium conditions, the changes in the point of equilibrium 
produced by a change in each of the above parameters may be plotted as in Fig. 1. These 
looi of equilibrium points may be obtained from the above relationships. 

Change in total mortality. If the total mortality coefficient changes and then remains 
at the new level long enough for a new equilibrium to be established, the new equilibrium 
should fall on the equation obtained by eliminating Z from (2) and (6), i.e. 

Q P 

ii , . ., + w , or using logarithms 

N c 

!o?P 

w 5 . ^ + w , or better 
N o 

w G e c + w 

o 

This line is plotted on Pig. 1, with an arrow indicating the direction corresponding to 
an increase in total mortality Z. Note that a change in Z will change the equilibrium 
values of both w and P. 



Change in growth rate. In equations (2) and (6), it is apparent that a change in the 

equilibrium point brought about by a change in G will effect a change in w t but not in P. 

The locus of change is shown in Fig. 1 along with an arrow indicating the direction corres- 
ponding to an increase in G, 

Change in recruitment. A change in the recruitment, N , will affect the total popula*. 
tion P but not the mean weight w. Again the locus is shown with an arrow corresponding to 

an increase in N * 
o 

Change in the weight at recruitment (change in selectivity). In the preceding 
discussions recruitment has been equated with the age or size at which fish enter the popu- 
lation summed in P. For simplicity in the models, it has also been assumed that all the 
history (mortality, growth, recruitment) of the part of the population younger than t 
smaller than w ) is summed up in the parameters N and w . Therefore the values N and 
w are determined by the methods used to obtain estimates of P and w, i.e. correspond to 
tfie selectivity of the gear used. The models also assume that all fish age t and older are 
equally represented in obtaining the estimates of P and w, an assumption that will almost 
never be accurate, but under many circumstances may be tolerable. 

Continuing to equate N with a recruitment, but now assuming that this remains constant 
while new gear is used tha? only catches individuals weighing w * or more: 

N . N e^V-"^/ 

C 

But now 

N 
P . -- , and w w + w ', since they are estimated for the new gear. Hence, substitu- 

ting and converting to the logarithmic form (base e) 



IT 

This is linear with respect to log P and w with slope - , and gives the locus of equilibria 
for varying selectivity, i.e varying w '. It is plotted in Fig. 1 with an arrow indicating 
the direction of change produced by an increase in the minimum size taken by the gear. 
Note that the intercept of the log P axis is 



The intercept is, therefore, a function of the size at which recruitment (N ) is considered 
to occur. 

It is interesting to note that this is a transformation of the catch curve, referred to 
earlier, for a population in equilibrium in which the logarithm of the abundance of a given 
size (age) clause is replaced by the logarithm of the abundance summed over all classes of 
size w and larger. In the special situation where there is evidence of equilibrium and a 
multimesh fleet of gill nets is used as a sampling tool, these sums could be readily 
obtained for the remaining mesh sizes after the smallest are dropped one by one from the 
data. Plotting logarithms of the adjusted sums against w , which should be known for each 
mesh size, is equivalent to plotting the more conventional catch curve. 
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While each of the above changes produces a characteristic change in the equilibrium 
point, it should be noted that a new equilibrium may be obtained by several combinations 
of changes in the parameters modelled* Clearly, observations of equilibrium values of P 
and w are insufficient to uniquely determine values of any of the parameters At least 
two of the four parameters Z t 0, N , and w must be independently estimated in the steady 
state (equilibrium) population in Srder to estimate the remaining two from the given data, 
i.e. mean weight and population abundance. 

During the transition between equilibria, the above equations (2) and (6) are not 
valid | as each of the age groups or weight groups comprising P will have had different 
histories. The next step is to distinguish between the (a) loous of points representing 
suooessive observations of P and w (generally annual intervals) during a period of tran- 
sition and (b) the loci, described above, of equilibrium values of P and w. Ihe former 
loous (a) may be called the "trajectory" of the population describing transitional 
behaviour. 

DYNAMIC STATES 

In the derivation of Pig. 1, it was assumed that mortality rates, growth rates , recruit- 
ment and selectivity were all independent of each other and of age or size; and further, 
that they remained constant long enough to permit the population to attain a constant size 
structure. It is now proposed to relax the latter assumption, making these parameters 
functions of time, and looking at the most likely, albeit simplified, kinds of changes that 
would occur in practical fishery problems. For this, I have used a pencil-and-paper 
simulation, assuming as a base a population with recruitment N 1,000, annual mortality 
rate - 0.5 (Z . 0.7), growth rate 1 unit/year, weigfct at first capture - zero and 
considered initially in equilibrium. For this discrete model, equations (2) and (6) become, 
respectively: 

N -Z 

w - - and P , where m 1 - e" , that is m is the annual mortality rate as 
m m 

distinguished from the instantaneous mortality rate. 

Change in recruitment. The most troublesome parameter to model in studies of fish 
populations is that of recruitment f owing to the apparent wide fluctuations in recruitment 
for many species from year to year. Table I shows the simulation adopted corresponding to 
an abrupt increase in N from 1,000 individuals to 2,000, with the resulting values of P 
and w plotted in Fig. 2, line A. Note that, in the simulation, the new rate of recruitment 
is maintained until the population is again in equilibrium. I have also shown in Fig. 2 
the results of reducing the recruitment to 500, line B, and of an increase to 2,000 which 
occurs in one year only, returning to 1,000 until equilibrium is reached, line C. 

For an increase in recruitment, the first response is an increase in P equal to the 
extra recruits and a decrease in the mean weight corresponding to the small size of the 
added individuals. If the increased recruitment is continued, the trajectory approaches 
the new equilibrium point with the mean weight returning to its initial value. During the 
period of transition, the mean weight and population size clearly do not lie along the 
corresponding locus of changes in the equilibrium values. Hence the equilibrium loci 
corresponding to a change in recruitment on the one side and a change in "selectivity" on 
the other. If there is a steady increase in recruitment, line D, there results a gradual 
reduction in the effect of change on the mean weight even though the overall population 
continues to increase. 
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It is thus apparent that real changes in recruitment to the population dieplaoe the 
mean weight from its equilibrium value (i.e. for given Z and G) and that the direction of 
the displacement depends on the direction of change in the recruitment. Therefore, if the 
mean weight statistic is used as an index of mortality, as in equation (2), the mortality 
will be overestimated if the population has recently been subjected to increased recruit* 
ment and underestimated if the recruitment has recently diminished. 

Change in total mortality. The population trajectory produced by a change in the 
mortality rate shows quite a different behaviour. In this case a change to a new level of 
mortality produces an immediate change which is not far from the direction of the change in 
the equilibrium point that would be established if the new level is maintained. The full 
effect of the change, however, remains delayed. The results of simulation are shown in 
Fig. 2 (E) with annual rate changed to 0.75 ( z - 1 4). The same base population was used 
as for the recruitment analysis , assuming that the mortality rate shifted simultaneously 
within a year for all fish of size w and larger and remained at the new level until a new 
equilibrium is reached. Generally, changes in mortality can be associated with fishing 
mortalities in practical problems , large "random" fluctuations in mortality being relatively 
much rarer than in the case of recruitment. The effect is to make it easier, in general 9 
to identify trends in mortality than in recruitment. 

Comparing initial changes with the final equilibria, it is interesting to note that in 
the region of low mortalities the initial changes are small and the new equilibria are 
reached only after a considerable period of time, whereas the opposite behaviour occurs in 
the region of high mortalities. While this is entirely to be expected, it emphasizes that 
a heavily exploited fishery should be expected to respond more rapidly to change than one 



% 



that is lightly exploited. 

Change in growth rate. Within the limits of the assumptions stated earlier, specifi- 
cally that the parameters are independent, a change in growth rate will effect a change in 
the mean weight of the population but not a change in population number. The trajectory of 
change will therefore lie along the locus of equilibrium changes (Fig. 1). Again it will 
take some time for the shift to be completed, as initially the larger fish will undergo a 
smaller relative change in size than the small fish. Eventually, if the new growth rate 
persists, all fish will be subjected to the same growth history and a new equilibrium is 
reached. 

Change in weight of recruits or selectivity. If the sampling or fishing gear is 
changed to a new selectivity, the structure of the population remains unchanged according 
to the model | hence the change will be prompt. The assumptions of the model are substan- 
tially violated, however, if the change in gear is accompanied by a change in the total 
mortality rate. The change depicted in Pig. 1 is appropriate for data obtained from small- 
scale "exploratory" fishing, while in data taken from commercial operations both the change 
in selectivity and the change in mortality must be considered. The latter will be of 
particular significance if the mortality rate is markedly age specific. 

DISCUSSION 

The generalized sorts of models exemplified in the preceding discussion fall far short 
of describing the complexities of the behaviour of fish populations. Nevertheless, by 
focusing attention on specific contributory factors, it is sometimes possible to see elements 
of the behaviour of these populations in a different way, and this is what I have attempted 
to do. It remains essential, however, to keep in mind the details deliberately overlooked, 
and to approach specific problems with some idea of the probability that any particular 
assumption is violated in the instance at hand. 
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Variation in Recruitment 

The particular choice of variables taken in this paper was baeed on the conviction 
that the most likely source of year-to-year variability in the apparent mean size of the 
population is variability in the annual recruitment. That is, given a difference between 
two successive annual estimates of the mean size of individuals, large enough to suggest 
real rather than sampling differences, the most likely immediate "cause" of this difference 
is a change in the number of individuals recruited to the population between the two years. 
A change in recruitment, in this case, might have resulted from a number of other changes 
such as the number of eggs spawned, pre-recruitment mortality, or the spatial distribution 
of the young fish relative to the older fish. It can be further argued, that in many 
populations the number of eggs spawned is relatively less important by a large margin than 
early mortality in determining the current level of recruitment. If so, then the assumption 
that the recruitment (N ) can be treated independently of the population abundance is 
likely to be reasonable at least in short series of data. In this regard, Gushing 1 e (1971) 
recent remarks should be noted in which he points out that constancy of recruitment should 
be regarded as evidence of density dependent regulation Yather than of environmentally 
limited recruitment. 

It is apparent from the simulation given that secular trends in recruitment, where 
recruitment continues to increase (or decrease) over a number of years, can only result in 
a continued trend in mean weight if the recruitment grows at a higher rate than the popula- 
tion. A special case occurs when there is continued failure of recruitment and the mean 
weight continues to increase until the last fish die, or when recruitment increases so 
rapidly that all fish larger than the recruits remain a negligible portion of the population. 
In the usual case, longer term trends in mean size are not likely to be attributable to 
changes in recruitment. 

The foregoing argument points up a special difficulty in the assumptions which have 
arisen by equating recruitment with age at first capture. In order to treat mortality and 
recruitment as independent parameters, it, is required that pre-recruitment and post- 
recruitment mortality be independent, with a dividing line at w (or t ). This condition 
is partly fulfilled in fisheries under exploitation where fishing mortality acts above w 
and not below. One may also argue that the immediate causal factors of death in very young 
fish are quite different from those of adult fish owing to changes in predators, food habits, 
and habitat preference. Nevertheless some dependence between the apparent recruitment of 
small fish and apparent mortality of larger fish should be expected, and if it exists will 
be enhanced both by lack of sharpness of the selectivity curve and by a strong tendency for 
the estimated average weight of individuals to be weighted in favour of newly recruited fish. 

Variation in Mortality 

Ihe models above have not separated fishing and natural mortalities. In most practical 
situations one assumes that a change in total mortality over time is associated with a change 
in fishing mortality. Ihe assumption arises from the association of natural mortality with 
an environment that is not changing significantly over time. In following changes in new 
reservoirs or changes related to environmental modification by human activities unrelated to 
fishing, the assumption is clearly less valid. In this regard, it should also be pointed 
out that the simpler criteria for evaluating the exploitation rate (F/Z^ in relation to the 
capability of a particular stock to support exploitation (Qulland, 1970; assume that the 
estimate of the natural mortality rate is an estimate of the natural rate that would be 
exhibited if the stock were in equilibrium and unexploited (virgin). For such reasons, in 
situations where it is strongly suspected that non-fishing mortalities are changing, criteria 
based on total observed mortality, and an independent estimate of the "typical" natural 
mortality of the species concerned (see Beverton and Holt, 1959; Gulland, 1969) may be 
much less misleading than criteria based on direct observations. In cases where quite 
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independent estimates of the two forms of mortality are available , rather more detailed 
analyses of the condition of the stock than those outlined here will be available for use. 

Another feature of the dynamic simulations obtained here is that the duration of a 
"transient' 1 response is not so much dependent on intrinsic "natural" mortality of the 
species, but rather depends on the actual replacement rate of the present stock, i.e. on 
the total mortality rate. Transients occurring in the lower half of the graph in Pig. 2 
are completed more quickly than those in the upper half, as noted earlier. This also implies 
that a heavily fished stock is more likely to be found in a condition near "equilibrium" 
than a lightly fished stock. 

Variation in Growth Rate 

While the transient behaviour produced by a change in growth rate is distinct in its 
effects on mean weight from the other types of transients, in practice a change in growth 
rate will rarely be independent of changes in the other parameters to any satisfactory 
degree. Year-to-year variability in growth, however, may typically be of much lesser 
magnitude than recruitment. Unless there is a well founded reason for assuming that the 
growth rate is not changing over time, mean size statistics can only be interpreted in 
terms of mortality and recruitment if independent estimates of growth rate can be obtained. 
In the reservoirs of tropical Africa, growth information is difficult to obtain. Indeed 
the difficulty of aging individuals is the main reason for using an integral property like 
mean weight, rather than age specific parameters or catch curve analysis, in following the 
changes in the fishery. Fortunately, information about growth in the weight range just 
larger than w is more important than in the upper ranges of weight in interpreting the 
dynamic event*, and this information can sometimes be obtained from length and/or weight 
frequency diagrams. 

Variation in Selectivity 

Both the initial models and the dynamic simulation given here assume that the gear used 
in sampling or fishing will take no fish less than w in weight. Departure from uniformity 
in the latter fraction will make the apparent mortality rate of the sample different from 
the mortality rate of the population, that is will introduce a bias in the estimates. It 
will also make the apparent weight vs. age function different from that of the population 
with attendent bias. If the gear exhibits a narrow range of selection, the biases obviously 
become serious. If the selectivity curve is reasonably broad and flat, the biases become 
similar to those introduced by the assumption of a constant absolute growth rate and a 
constant mortality rate over all site range above w . If gill nets are to be used as the 
sampling tool, it is clear that multimesh fleets will be necessary to achieve reasonably 
"flat" selectivity. 

If one considers only changes in the siee of first capture, leaving the rest of the 
selectivity curve unchanged, a change in w will produce an immediate shift, without any 
transients, to the new equilibrium oorrespSnding to the change in w . However, if the 
change is made in the fishing gear, rather than sampling gear, the population mortality 
rate will be affected for the size classes included between the old and the new w . This 
change will produce a transient of the sort produced by a change in recruitment (graph A, B 
in Pig. 2). Clearly the transient response becomes quite complex if only a few of the 
parameters vary over time and there are thus great advantages in keeping the selectivity as 
constant as possible through the period of study. Ihe transient behaviour of the mean 
weight characteristic will be more easily studied by properly designed direct sampling 
programmes than from most commercial catch data. 
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Analysis of the changes in mean weight ae a time series 

The more usual procedure for studying the changes in a particular variable over time 
is to look at the "behaviour of the variable as a time series (e.g. Pig. 3) For any parti- 
cular observation in time one is anxious to know to what extent the value of the variable 
is dependent on current conditions (Z 9 G v N 9 w ) 9 to what extent it is dependent on past 
conditions, and to what extent it is dependent on sampling errors. If the sampling has 
been done carefully, the sampling error associated with a particular observation will not 
be dependent on the error of the previous measurement. In other words y the error portions 
of the observation should not exhibit any meaningful history. As the effects of a change 
in the fishery conditions cannot take full immediate effect, such changes will establish a 
trend that insures that an observation will to some extent be correlated with a previous 
measurement. In the region of time during which a change in the conditions is occurring 
and for some time afterwards, the series of observations of mean weight will be auto- 
correlated. During any period in which the variance associated with sampling error (esti- 
mated by replicate "simultaneous" observations) is large compared to the oo variance of 
successive observations, one cannot be convinced of a change in the fishery conditions 
during that period* 

If the conditions in the fishery vary randomly, autocorrelation will be introduced 
among successive observations even though there is no overall trend, i.e. the "average" 
conditions have not changed. A persistent change, a true trend, will extend the region of 
autocorrelation over a period of time in excess of the lifetime of a transient, equivalent 
in our case to the time that it takes for a particular set of "recruits" to disappear from 
the fishery. Ihis latter time is a function of the total mortality rate. Theoretically, 
therefore, a covariance-autocovariance spectrum of replicate time series should enable one 
to distinguish between sampling error (no autocovariance), transients (autoco variance in 
among closely spaced observations and trends autocovariance among distantly placed 
observations). 

The advantage of examining population abundance as well as mean weight is that the auto- 
covariance spectra of population abundance and of the mean weight of individuals in a catch 
may be expected, a priori, to differ with respect to trends, even though both will exhibit 
transients. Plotting the two variables against each other produces, in a general sense, a 
pattern* that allows subjective separation of these autocovariance spectra* Often, indeed, 
the observer has additional information at hand such as the relative magnitudes of random 
vs systematic changes in fishing effort, the time at which change is expected, ana so on. 

A practical illustration 

In Pig. 4 are plotted successive annual values of mean weight of individuals and 
catch/effort for a trout population in Colombia. The data are derived from an annual fish- 
ing contest, the Conoursos Internes, for the years 1953 to 1970. In Pig. 3 the mean weight 
has been plotted as a function of time and, a definite trend is apparent. The obvious 
question of interest in management is the question of extrapolating the apparent trend. 
The fitted solid line suggests greater peril to the fishery than would be evident if the 
dashed lines were fitted. The last few points are more pertinent than the others to such a 
question. In Pig. 4 there is some evidence of an "equilibrium" near 1.6 pounds, with no 
persistent change after 1963. The overall pattern for all years suggests strong yearclass 
fluctuations with a gradual improvement in recruitment (habitat improvement or perhaps 
stocking) and a nearly twofold increase in mortality rate (or decrease in growth rate!). 



The trajectories of change in Pig. 4 to fit nicely into the sorts of patterns 
which might be expected from Fig*, land 2 (the diagonal line assumes an annual mortality 
rate of 1 and a growth rate of 1 pound per year in the range of interest - reasonable 
values for trout). 
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From the above it seems quite clear that the data prior to 1961 and 1962 are not 
pertinent to the extrapolation except as they provide estimates of the magnitude of year 
class fluctuations, While the points for the last three years (Fig. 4) &r< disconcerting 
with respect to the future of the fishery, they are not distinguishable from an increase 
in recruitment after an apparent drop in 1966 and 196?. The analysis therefore favours 
the dashed lines of Fig, 3* If the growth rate were known, the total mortality rate could 
be estimated for mean weight 1,6 pounds, 

Fig, 6, however, is similarly drawn for a second contest involving the same population, 
the Conoursos Nacionales, In this case catch/effort data were only available for the later 
years. Ibis pattern, while suggesting a stable mean weight, fits expected patterns very 
poorly, Lacking any other evidence I can only conclude that the variability of the abun- 
dance estimates (no. caught/no, fisherman x hours of fishing) is considerably higher in 
this latter contest, 

SUMMARY 

Graphs of simultaneous observations of the mean-weight (or other average size criterion) 
and population abundance (e.g. catch/effort) may be useful in deciding which of several 
possible factors may be responsible for changes in the average weight of individuals in a 
population, even if environmental conditions in the fishery are known to be changing, 
Independent information on rates of growth, and control over the selectivity of the sampling 
method are also needed if reasonably secure inferences are to be made, 

If the sample variance of the estimates is reasonably small relative to the observed 
changes over time, the pattern exhibited by successive observations may be compared with 
the patterns expected from simulation for various kinds of change in the population para- 
meters. If there is evidence of a sudden and substantial change at a known point in time, 
the direction and magnitude of the first response is a useful predictor of the equilibrium 
response, Otherwise such a plot may primarily be useful in distinguishing real changes and 
trends in mortality from changes in size composition of the population brought about by 
variations in recruitment, Ihe latter use requires much longer sequences of observations. 
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Table I 


Calculation of the change in abundance and mean weight 
resulting from increase in recruitment 






















Age Weight 
at Age 





1 


2 


3 


4 


5 


6 


7 


t 

00 


1 


1 000 
1 000 


2 000 
2 000 


2 000 
2 000 


2 000 
2 000 


2 000 
2 000 


2 000 
2 000 


2 000 
2 000 


2 000 
2 000 


2 300 
2 000 


I 2 


500 

1 000 


500 

1 000 


1 000 
2 000 


1 000 
2 000 


1 000 
2 000 


1 000 
2 000 


1 000 
2 000 


1 000 
2 000 


1 000 
2 000 


II 3 


250 
750 


250 
750 


250 

750 


500 

1 500 


500 
1 500 


500 
1 500 


500 
1 500 


500 
1 500 


500 
1 500 


III 4 


125 

500 


125 

500 


125 

500 


125 

500 


250 
1 000 


250 
1 000 


250 
1 000 


250 
1 000 


250 
1 000 


IV 5 


62 
312 


62 
312 


62 

312 


62 
312 


62 
312 


125 
625 


125 

625 


125 
625 


125 
625 


V 6 


31 
188 


31 

188 


31 
188 


31 
188 


31 
188 


31 
188 


62 
372 


62 
372 


62 

372 


VI 7 


16 
109 


16 
109 


16 
109 


16 
109 


16 
109 


16 
109 


16 

109 


31 
219 


31 
219 


VII 8 


8 
64 


8 
64 


8 
64 


8 
64 


8 
64 


8 
64 


8 
64 


8 
64 


16 
122 


VIII 9 


4 
36 


4 
36 


4 
36 


4 
36 


4 
36 


4 
36 


4 
36 


4 
36 


4 
36 


IX ' 10 


2 
20 


2 

20 


2 

20 


2 

20 


2 
20 


2 

20 


2 
20 


2 
20 


2 
20 


X 11 


1 
11 


1 

11 


1 
11 


1 

'11 


1 

11 


1 
11 


1 
11 


1 
11 


1 
11 


Sum numbers 


2 000 


3 000 


3 500 


3 750 


3 875 


3 937 


3 968 


3 983 


4 000 


Sum weight 


3 990 


4 990 


5 990 


6 740 


7 240 


7 553 


7 737 


7 847 


8 000 


Mean weight 


1.99 


1.66 


1.71 


1.79 


1.87 


1.92 


1.95 


1.97 


2.00 


Log number 


3.30 


3.48 


3.54 


3.57 


3.59 


3.60 


3.60 


3.60 


3.60 
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Figure 1 - Trajectories of Simulated Changes in Mean Weight and 
Logarithm Population Abundance 
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Figure 2 - Trajectories of Simulated Changes in Mean 
Weight and Population Abundance 
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Figure 3 - Trends in Mean Weight - Colombian Trout Fishery 
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Figure 4 - Trout Catches In Colombia - Concursos internos 
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Figure 5 - Trout Catches in Colombia - Concursos Nacionales 
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